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Abstract 
weihan i I cated in the northeast of Abu Dhabi Emirate. the United Arab Emirates. 
weihan land cape is  sand dune ridges. which could reach a maximum width of 2 
km. and a height of 30 meter . v, herea the agricultural fields concentrated in the 
interdw1e pace . Groundwater in wei han area is characterized by low recharge 
amounts. which is b ing used mainly in inigation purpose. The intensive agricultural 
act i \  it ie in the tud area caused depletion and contamination of the groundwater 
due to hea\') uses of organic and chemical ferti l i zers. as v;e l l  a heavy pumping. The 
hydrochemical analy is of 27 samples of groundwater from the study area indicated 
that the groundwater i characterized by high sal inity (high TDS and EC) .  and high 
concentration of chromium. lead. and strontium. Thus. the area of the tudy is  not 
suitable to be u ed for domestic use . Groundwater samples were e al uated for 
agricultural uses by calculation A R. TH, a percentage. MAR. By using these 
parameters. groundwater of the study area has found to be unsuitable for agricultural 
purposes. Two water geneses have originated. the first i s  paleo-marine water origin 
of Magnesium chloride water t pe. which indicated over pumping of deep water 
where old marine deposit was existed. The second is meteoric water origin of 
sodium sulphate-water type indicating an occurrence of infi l tration of rainfal l and 
ion exchange processes. The analysis showed that the dominance of sodium and 
chloride in  the area due to agricultural effluents, gives good reasoning of high 
sal inity in  the studied area. I sotopes analysis of hydrogen and oxygen of fifteen 
groundwater samples emphasized that the study area has high evaporat ion rates. 
which affects the groundwater quality. 
Keywords: Groundwater assessment. groundwater qual i ty. hydrochemical facies. 
water genesis  origin. arid land agriculture. Sweihan UAE. 
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1 . 1  Backgrou nd 
CHAPTER ONE 
I NT RO DUCT IO N  
The bu Dhabi Emirate i the largest one of the even emirates constituting the 
federal tate of the nited Arab Emirates CUAE) .  Abu Dhabi is located at the far 
\\ - e t and southv.e t part of the UAE along the southern coast of Arabian Gulf; Abu 
Dhabi lays 24° 28' 0.2202". E 54° 2 1 '  59 .976". It area occupies 87% of the UAE 
( i .e  . .  about 67.340 km2 ) .  I t  i s  bounded by u ltanate of Oman at  the ea 1. Saudi 
Arabia from the outh and west: Arabian Gul f at the north as shown in ( Figure 1 )_ 
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Figure 1: Map shows the location of the study area in Abu Dhabi Emirate 
Abu Dhabi is divided geologically into four distinct regions as Abu Dhabi 
Is land, Eastern Region, Western Region, and the Gul f I slands (M inistry of Economy, 
20 1 4 ) .  bu  Dhabi i geological l )  dominated by the and dunes that reach 300 meter 
high in ome areas. The Ea tern region is boarded by Hajar Mountains in the Ea t. 
Hafeet Mountain. \-,,"hi h i  located outh of AI-Ain c ity have the highest elevation of 
about 1 . 1 60 meter in bu Dhabi Emirate ( bu-Zied, 200 ] ). 
1 . 2 .  C l ima tic Cond i t ions 
Abu Dhabi Emirate i s  located 111 a sub-tropical dry region. Because the tropic of 
Cancer nm through its outhern pmt. the Emirate experiences high temperature 
a lmo t a l l  the year v. ith very hot summer period. Key seasons of Abu Dhabi are 
ummer and winter. wumer season ( June to September ) i s  very hot reaching up to 
-l8°C in the Western region; humidity i s  high and might reach 69% when getting 
closer to the coa t and lower in south and southwest areas and 75% in the I slands 
( bu Dhabi tati t ics Center._O ] 4 ) .  
Furthermore. temperature in  winter ranges from 32°C during the dayt ime and 
4° C at night. It could reach zero Celsius on some high mountains in Al -Ain (Abu 
Dhabi tatist ics Centre, 20 1 4) .  Winter season. covering December to March. is 
affected by the S iberian H igh Pressure System. which gives the area Shamed winds 
in the orth and heavy fog incidences late at night and in the early morning. 
Autumn .  October to ovember, i s  not very s ignificant but known to have high winds 
and frequent fogs. Spring comes on Apri l and Ma . The extension of a tropical 
cyc lone from the Indian Ocean to the Arabian Gulf results on rain and 
thunderstonns. and fog as shown in ( Figure 2) ( Environmental Atlas of Abu Dhabi 
Emirate. 20 1 1 ) . 
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Figure 2: MinimumfMa -imum temperatures of Abu Dhabi regions in 20 13 
(Adapted from ADSC, 20 1 4) 
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The main two ources of rainfal l in the Emirate are the Southwest Monsoon and 
hamal v;inds. Between Jul  and December, the SW Monsoon causes rain fal l  in the 
eastern part of Abu Dhabi. AI-Ain and the mountainous region. Shamal winds are 
responsible for winter and spring rainfal l through the months of December to Apri l 
(Glennie. 2002). Average rainfal l in  the Emirate was 7 7.6 mm in the year 20 13. The 
h ighest amounts of rainfal l  occur in  ovember. 
Among al l  regions of the Emirate. Eastern Region tends to have the heaviest 
prec ipitation amounts that reach 125.8 mm on No ember. Although, the western 
region has less precipitation ranges through al l  months compared with AI-Ain. it 
only peaks to 124.2 mm on Apri l (Abu Dhabi Stat istics Centre, 20 14). (F igure 3) 
i l l ustrates the prec ipi tation amounts in  the year 201 3 for Abu Dhabi Emirate . 
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Figure 3 :  Precipi tation in  m i l l imeter of Abu Dhabi Emirate regIOn in _0 1 3  
(Adapted from Stat i st ical  Year Book, 20 1 4) 
weihan c ity i s  located in  the northeast of Abu Dhabi Emirate and northwest 
of A l  Ain c ity. It is situated in the latitudes 24°28 north and the longitudes of 55°22 
east. During summer, temperature reaches from 22.3°C to 50 .9°C on June and peaks 
from 25 .3°C as a min imum to 48 . 1 on September. H umidity is high during the ear 
reaching 1 1 - 1 00% on January. Temperature cool s  down to 3°C-33°C during winter. 
Rainfal l is rare in Sweihan as it is most ly deseli co ered with sand dunes. The 
highest amount of rainfal l recorded during the years 2003-20 1 1  was 1 2mm on 
January (UAE "ational Centre of Meteoroiogv & Seismology, 20 1 4) .  
1.3. Water Re o u rces of A b u  Dha bi 
5 
Water resource in the E are categorized into con entional re ource including 
groundwater and urface water, \.\ hich i re tricted in the Eastern Region only 
incl uding occa i nal l1'adis flow, spring and fa/aje . Groundwater is the main water 
resource in the Emirate. espec ial ly  in the Eastern Region where the study area is 
located. On the other hand. non-con entional resources consist of desal ination of 
brad.i h groundwater and seawater. and treated wastewater (Aquastat, 2008 ). 
fohamed (10 1 4 ) shed l ight on the avai labi l i t  of water resources in Abu 
Dhabi Emirates :  the groundwater accounts for 80% of total water u ed, whi l e  the 
remain 20� 0 i shared between desal ination seawater ( 1 7%)  and treated wastewater 
co 0) a i l lustrated in Figure.-f. 
Figure 4: Percentage of d ifferent water resources of Abu Dhabi Emirate 
(Mohamed, 20 1 4)  
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1.4. Convent iona l  Water Resou rces 
Rene\-\ able \\ -ater resource in bu Dhabi are l imited to ground\ ater (GW). and 
urface v, ater inc luding 1t'adi £10\ . ome prings and fa/aje . The rainfal l  i s  ery 
carce. rand 111 and infrequent. and usual ly feed aquifer rather than accumulating on 
the urface. Fa/oj are dr) and no longer u ed. ome springs and wadis are present 
and located in the eastern region of Abu Dhabi ( Rizk. 1 998) .  
The annual total demand of Abu Dhabi Emirate was 3 .4  b i l l ion cubic meters, 
where 6_0 0 of is for groundwater. About 1 8% of the groundwater is actua l ly  used 
because 3�o of it is fre h and 79% is desalinated ( EAD. 20 1 2 ) .  The average 
\\ ithdra\-\al of groundv,'ater in Abu Dhabi reached 2.250.9 Mm3 in 20 1 0. while the 
average v,;a 2.400 Mm3 in 2009. Withdrawal of groundwater in Abu Dhabi is being 
increasing yearly due to heavy pumping of groundwater (Abu Dhabi tat istical 
Yearbook. 20 1 2 ) .  Reserve of groundwater. in contrast, i s  decreasing over years. 
which m ight due to infrequent rainfal l and low recharge rates (Osterkamp, 1 995 ) .  
A summar of groundwater resources reserve for Abu Dhabi on the three 
d ifferent groundwater type on 20 1 0  in mrn3 ( EAD. 20 1 1 )  is i l lustrated in ( Figure 5 ) .  
Total number of  groundwater wel l s  i s  40,000 distributed in AI-Ain. central region 
and western region ( AI -Hosani .  20 1 0) .  Referred to EAD estimations in stat ist ical 
yearbook 2 0 1 1 .  the number of working wel ls  in the whole Emirate i s  68.200 wel l s  
comparing with 2 1 .800 wel l s, which are non-active. 
16,410 
506,200 
• FreSh groundwater • Brackish groundwater Sal re groundwater 
Figure 5: Ground\ ater reserves by type ( mm3) for Abu Dhabi Emirate in  20 1 0  
(EAD, 20 1 l )  
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prmg are concentrated ground\ ater that are d ischarged and flow in the 
urface ground ( Todd. 1 980) .  Springs can have therapeutic values that are rich of 
sUlphur. or fresh springs used for drink ing. The only spring that is famous for Abu 
Dhabi .  is Bu-Sukhanah spring. which is located in Al Ain city. Bu Sukhanah had 
high discharge records during 1 984- 1 99 1 estimated b 2 .50 Mm3/yr. Rainfal l  and 
groundwater c i rculation systems in Northem Oman Mountains ( Rizk. 2003 ). 
The falaj is a manmade channel or stream. which intercepts groundwater then 
brings water to surface by channel without any extemal influence. Fa/ajs are 
concentrated in  A i  Ain c ity. which includes AI-Ain, AI-Daudi, Ai -H i l i ,  M uwaij i .  AI-
Jimi. M ua'tarad and AI-Qattara falajes (Alsharhan, 200 1 ) . Wadi remains dry unt i l  
rainfal l  occurs and flows through. When flow becomes heavy and rapid flash floods 
ex ists. F lash floods are concentrated in the mountainous eastem region. 
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The t P graph)' of the area and high level of precipitat ion cau ed by Hajar 
Mountain and Oman' Mountains cau e flood to occur. The most environmental ly 
hazardou flo d counted for \ adi - h ik .  idr and Ain l -Fa)'dah in Al Ain ( Rizk, 
1 998 ) .  In  March 1 997,  a flu h flood occurred in I -Quaa due to heavy wadi flow in 
I -Fatal Dank catchment . Wadis are located between Oman and Abu Dhabi. 
ea tern regi n. and hare 12 main catchments. The total mean annual urface 11'adi 
that flew in  the area \\'a 7.6 mm3/ year ( Da\voud. 2007)  as shown in ( Table. I ) . 
Catchments Flow within UAE- Abu Dhabi Emirate ( M  m3/yr) 
Catchment 
umaym 
afwan 
Musaydiral1 Kahal 
Al 'l\ adiyain 
Hamad 
Ajran r 
wface H'afer runoff Grolln d1rater 
( wadi flow) ( throug h flow) 
0.2 1 
1 .5 2 
1 .4 
0 .6 
1 .9 
o 
o 
o 
4 
1 
2 
2 
.4 
.6 
.9 
.7 
. 1  
1 
.6 
.3  
i fall 
Sharri 
A l  Fatal 
Dank 
--- -----
2 . 1  2 ------�-------- o 7 
-----. 
-
. -
--- -
avvmahan 
A l  Hawl 
Total 
o 
o 
7 .6 
f-- --
2 .6 
.6 
3 0.9 
Table  1: Catclunents flow within UAE- Abu Dhabi Emirate (mmJ/year) 
(USGS. 1 996)  
1 .5. N on-Conve n tiona l  Water Resou rces 
Desa l ination is a process of removing sal t  and other part iculates from seawater. 
brackish water to make it potable for d ifferent human consumption. The first plant 
establ i shed in Abu Dhabi was in 1 976 with a capacity of 250 m3 /day. The amount of 
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the de al inat d \\- ater then gradual l increased as demands for industry and 
agriculture incr ased ( Rizk, 1999). 
De aJ ination plant have increased to 46 de al ination plants concentrated in 
the c a t l ine of Arabian Gulf  and Gulf of Oman. Desal inated water production has 
raised in 20 1 3  to 1 1 1 2 . 1 2  Mm3, which increased of about 2 .5% compared with 20 1 2 . 
The main large plant in Abu Dhabi are Abu Dhabi ,  Urn Al -Nar, Taweela, Mirfa 
de al ination plant ( McDonnelL 20 1 4 ) .  
D al ination proces es ary in desal ination plants. The advanced system used 
is Thennal Cogenerat ion producing water and electric i ty, Mult i-Stage F lash (MSF)  
d i  t i l lation and Mul t i -Effect Di  t i l lation ( MFD) .  Other plants are using Re  erse 
o mosis ( RO) system but not common in use. Thermal Cogenerat ion plants accounts 
for 93°/0 of the total desal ination capacity in Abu Dhabi Emirate in 20 1 1 (Assaf, 
20 1 4) .  
Abu Dhabi consumption o f  desa l ination water d iffers from sector t o  another 
and from region to another does. The total consumption of desalinated water in the 
year 20 1 3  was 1 082 .4 M m3 . The consumption of desal inated water was in the year 
20 1 3  by percentage as the fol lowing, Abu Dhabi city 6 1  %, Eastern Region 27% and 
Western Region 1 2% ( Abu Dhabi Statistical Yearbook ,  20 1 4) .  Figure .6 i l lustrates 
the percentage of d ifferent desa l ination systems of the total capacity in Abu Dhabi 
Emirate in 20 1 4. 
Figure 6:  De al ination percentage of each system in Abu Dhabi in 20 1 1 
(Assaf, 20 1 4 ) 
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Both industry and commerce sectors have come to be the heavy-used 
consumers of the de a l inated water. The publ ic sector, domestic and agricultural 
consumption is the next. On the other hand, the main consuming sector in Eastern 
Region is the agriculture fol lowed by the domestic and publ ic uti l ities, whereas in 
the Western Region, the main consuming sector is the government fol lowed by the 
domestic and commercia l .  ( Figure 7 )  i l lustrates the consumption of the desal inated 
water by various sectors at the d ifferent regions of Abu Dhabi Emirate ( Abu Dhabi 
& Al A in  Distribution Company, 20 1 4 ) .  
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Figure 7: Percentage of desa l inated water consumption by regions & sectors in 20 1 1 
Treated \vastewater i the otber non-conventional source used in the Emirate . 
I n  1 980s. the idea of reusing wastewater after treatment \ as introduced to meet some 
of the demands in the Emirate (A I -Zubari . 1 998). The amounts of treated wastewater 
are increasing due to high economical and de e lopmental standards. The production 
of treated and reu ed wastewater has increased in 20 1 3  reaching 283 mn}. 
Abu Dhabi I s land produces 74% of the total production, Eastem Region 
produces about 4 1  % and Westem Region has the least production percentage of 5% 
(ADSSC, 20 1 4) .  There are 28 sewage treatment plants are now operat ing: the largest 
are Zakher and Mafraq plants. The main uses of wastewater are in i rrigating parks. 
roadsides and gol f  courses, fodder crop i rr igation and h ighways landscaping 
( McDonnel l .  20 1 4 ) .  
1 .6. tatement  of the Resea rch Prob lem 
1 2  
u tainabi l i ty of groundwater in the Emirate i s  facing a catalogue of serious threats. 
v, hich could affect the avai labi l ity of water resources as a whole. Those threats 
include groundwat r depleti n and continuous deterioration with rainfal l scarcity and 
inadequate Je\ el of management. Water level is decreasing due to high rates of 
c n umption. heavy pumping practice and l imited amount of recharge ( FEA, 2002 ) .  
s the population in reases and the per capita l iv ing standards increases. the 
demand of water increa e which put more stres on groundwater and leaves a gap 
between upply and demand ( EAD. 2009). The highest amow1t of groundwater i s  
con umed by agriculture ector. which accounts for 69% of the total water 
consumption. The cult ivated areas are concentrated in southeast and Eastern Region 
of bu Dhabi Emirate ( Mohamed. 2006). The total cult ivated area has reached to 
752.839 donums (one donum = 1 000m2) in 20 1 3  in Abu Dhabi Emirate ( ADFCA. 
2 0 1 4 ). 
The systems that are used in  the Emirate general ly for irrigation are sprinkler. 
local ized i rrigation. and basin and furrow for surface i rrigation ( Aquastat, 2008) .  The 
total cult ivated land occupies 752,839 donums. producing a variety of crops. fruits. 
vegetables and windbreaks. Rhodes and palm trees are on the top of water consumers 
in  the field .  Several farms are going out of production because of lack of water 
supply. especia l ly  in the Eastern Region ( ADFCA, 20 1 2) .  Wrong practices from 
unaware workers i n  d i sposing wastewater from farms and industries and overuse of 
ferti l i zers could contaminate the groundwater and change its suitabi l ity for human 
consumption ( Mohamed. 2006) .  
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The al init. i increa ing due to heavy u e of groundwater and lo\-\' recharge. 
al initJ of groundwater in Abu Dhabi Emirate rang s from 1 .500 mg/J - 1 25 .000 
mg/l ( Environm ntal tla of bu Dhabi. 20 1 J ) . Another i ue is the imbalance 
bet\\ een the r charge and di scharge. \vhich has led to dranlatic depletion to the water 
table in groundwater zones. In 2005. groundwater used where reduced to 1 8% 
comparing to 2003 ( 1 00'0 ) due to aquifer depletion (EAD. 2006) .  
weihan region i located in  the northea t of Abu Dhabi and northwest of Al-
in  Ci ty. weihan cult ivated area e t imated \ as 1 1 . 1 56 donums of 275 farms in 
20 1 1 and cO\'ered 2% of total cul t ivated area in  the Eastem Region. Only 270 farms 
\\ ith an area of 1 1 .002 donums are working while the remaining five farms are not 
actiYe. There are number of d ifferent crops recorded in the area. 
Field crops of rhodes. a�falfa and dates comes on the fi rst order of production 
in  the area. fol lowed by fru i t  crops including banana. c ider fruit .  mango. lemon, figs. 
pomegranate. orange. l11 Z1rllS alba and grapes. Vegetables are also cult ivated such as 
tomato and cucumber. Moreo er. forest tree is widespread in the area inc luding Ghaf 
and Cider (ADFCA Stat ist ics Book. 20 1 1 ) . 
The mam water source used for i rrigation and domest ic i s  groundwater. 
According to ADFCA (20 1 1 ). number of wel l s  in Sweihan was 1 3 1 7  where 786 are 
working v,e l l s  with an a erage depth of 400 meters. Recently. groundwater has been 
depleted in the area. and farmers are complaining of not gett ing enough amounts of 
water for their c rops. Many farms are not operating because of water shortage. As 
wel l  as. the qual i ty of water i s  not good enough for i rrigation. 
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fier m eting a group of farmer in the regIOn, and according to field 
re earch of -08 grOlmd\ ater sample in A l  Ain and the urrounding cit ies incl uding 
weihan conducted by Al- alamat Laboratory in Sv,:eihan (ADFCA, 2005) .  the area 
wu uffering from high cone ntrat ions of nitrate that ranged from 3 -70 mg/l and 
sal inity that ranged from 1 ,904 to 1 3 ,090 mg/l . 
ccording to Bol laci et al (20 1 0) .  h igh concentrations of heavy metals and 
pol lutant coming from fert i l izers in pa11icu lar, such as chromium. boron and 
fluoride were noticed. In addit ion, 80% of these amples contained amounts of 
nitrate that exceeded WHO tandards. H igh concentrations of pol lutants cause 
economic and publ ic health chal lenges. Not only it becomes a health hazard for 
human con umption. but a l  0 it has an effect on agriculture and natural vegetation in 
the area. 
1 .  7. Object ives 
The stud, aims to assess the groundwater qual i ty chemical ly b using major anions 
and cations and trace elements especial ly heavy metal s in the region of S eihan, 
northeast of Abu Dhabi Emirate. Moreover, the study focuses on the main factors 
that affect the qual i ty of groundwater in the study area. In addition, the study 
provides a c lear evaluation of the a ai labi l ity of using the groundwater of the region 
for domest ic  and i rrigation purposes. The isotope analysis wi l l  evaluate the factors 
affecting the groundwater qual i ty and recharge mechanisms in the study area. 
CHAPTER TWO 
G EO LOGY A N D  H Y D ROG EOLOGY O F  SW I E H AN 
2. 1 .  I n t rod uct ion 
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The weihan is located we t of AI-Ain city and east of Abu Dhabi capital cormected 
by r ad network with n ighbour areas. The study area l ie at latitude 24°28 
longitude 55°  _2 E;  it elevat ion approximately 1 50 meter above sea level (F igure. 8 ) .  
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Figure 8: Aerial view of Swiehan area 
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On the other hand, weihan area con idered a a typical de ert aridland, 
characterized with sand dunes eparated by lower I ing inter-dune ar as. weihan 
region i a famou for agriculture. mo t ly private farms with high production rates. 
o t farn1 are suited between dune ridges. atural vegetation is general ly par e, 
though the tudy area and ha h igher rainfall rate than the western dese11 region. 
The bel 0\>" field photos as shown in (F igure 9)  de cribing the fol lowing 
geological feature of the weihan study area: 
a )  The dunes in the study area. 
b)  I nter-dune area covered with natural vegetation. 
c) Conglomerate layer in  the study area. 
d )  Inter-dune areas without natural vegetation. 
e) C lose up view for the conglomerate layer. 
f) Farms in  the study area. 
g) Sand dunes in  the study area. 
b) Internal dunes in the study area 
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a) b) 
d) 
f) 
g) h) 
Figure 9 :  Field photos of the study area 
2 .2  G eology of wiehan  A rea 
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Fe\, field tudie have been publ i shed on the geolog of the weihan area, e.g. 
lUlled et a l .  ( 1 998) ,  I hal'han et a l .  ( 1 998 )  and Abu-Zeid et al . (200 1 ) .  The latter 
tudie concentrat d on the edimentology of the dunes and inter-dune areas. 
Tho e tudie conclud d that the weihan dunes and inter-dunes were 
accum ulations of wel l -sorted fine sands that con isted mainly of quartz and 
cal"bonate grain " with mal l amounts of chert feldspars al1d heavy minerals simi lar 
to tho e present in  rock of the Zagros and Hajar Mountains. Hunting ( 1 979) noted 
that the and grains of the Emirate desert area consist of wel l -rounded carbonates 
and quartz with minor proport ions of mafic and ultramafic igneous rock fragments. 
2.2 . 1 .  L ithostratigraphy of Tertiary Rocks 
The Tertiary age bedrock units are described below from oldest to youngest. These 
geological features of \veihan area were detai led ( as shown in Figure 1 0  and Figure 
1 1 ) by Thomas et a l .  ( 20 1 2 ) .  
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Figure 1 0 : Schematic cross section of the study area 
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Figu re 1 1 :  Geological map showing the  topograph of the study area 
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The Tert iar geological features are demonstrated in the fol lowing geological 
formations: 
1 )  Barzaman Formation of Middle Miocene to Pliocene Age - this fonnation 
consists of mainly wel l -cemented polymictic conglomerates .  It was deposited 
on flU\' ial fan deposits that debouched from the Hajar Mountains. 
2)  Hili Formation i s  widely d istributed in the Sweihan area \ ith best 
exposures in the inter-dune areas where it overl ies the Barzaman Fonnation. 
It consists of quartz-rich conglomerates, pebbly sandstone, sandstone, 
s i ltstone and mudstone. It represents inter-bedded fl uvial and aeol ian deposits 
that were transported from provenance areas in the Hajar Mountains. The 
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ediment of the H i l i  Formation are di tinguished from tho e of Barzaman 
Formation by the matrix ,  \" hich contains brown and, gravels and grits, whi le 
the Bam1azan ediments contain \ hit dolomite fragments. 
2 .2 .2 .  Quaternary 
The bedrock of the u\ ei han area is  broadly  covered by Quaternary sediments. These 
ed iment \ ary in colour from red and pink to white and include mainl y aeol ian 
sand heaped into dune and aeol ianite depo its as shown previously in Figure 9 .  
These ediment princ ipa l ly  derived from earl ier reworked Quaternary aeol ian, 
marme and fluvial depo it to contain a mi  ture of carbonate and s i l ic ic lastic 
materia l .  
Probably.  the concerned sediments had been transported from neighbouring 
areas as audi Arabia. I raq and I ran: among these forn1ations were : 
1 )  GIl ayatll i Fo rm ation i s  exposed in the northwest of the area, and 
composed of pale cream-colored carbonate aeol ianite. It overl ies the H i l i  
Formation. The bedrock of the Sweihan area i s  broadly covered by 
Quaternary sediments. These sediments vary in colour from red and pink to 
white and include mainly aeol ian sands heaped into dunes and aeol ianite 
deposits (F igure 9 ) .  The sediments were principal ly derived from earl ier, 
reworked Quaternary aeol ian, marine and fluvial deposits, and contain a 
m ixture of carbonate and s i l ic ic lastic material, probably transported from as 
far away as Saudi Arabia, Iraq and Iran. 
2) Dune ridges are present in the Sweihan area and describe a broad arcuate 
pattern across the east-southeast. west to west-southeast/east-northeast in the 
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ea t .  The ridge can reach a ma imum width of 2 Km .  and a height of 30 m 
abov the surrounding inter-dune area . 
3) Sabkha 1 t'US formed \\ hen wind erosion deflated the ground urface down to 
a lewl j u  t above water table. and within the capi l lary zones. ulphate-rich 
groundv,ater brine evaporated al lowing the formation of gypsum in the 
uperficial sediments or bedrock that underlies the inter-dune areas. Sabkha 
layer are d istributed in small inter-dune area espec ial ly  in the northwest of 
the tudy area. The abkha lie above Barzaman. H i l i  and Ghayathi 
Formation . In orne areas. Sabkha are act ive. particularly where the water 
table is very c lose or just above the ground surface. leading to gypsum 
deposit ion from saturated brines and local colonization by green algal 
ma ses. 
2.3. Sweih a n  Hyd rology 
quifers of Sweihan are mostly shal low with a maximum depth of 50 meters. The 
depth increases cont inuously due to heavy pumping of groundwater for agriculture 
and other purposes. owadays. the depth could reach 500 meters. The aquifers are 
thick reaching 40-50 meters and sal i nity of 1 JOO - 1 0,000 mg/l ( Environmental 
Atlas, 20 1 1 :  Garan10n, 1 996) .  
On the other hand. about 80% of aquifers in the UAE are quaternar sand and 
sand with gravel aquifers . Sweihan aquifers are unconsol idated shal low deposit and 
considered one of the productive aquifers in the Emirate . Aquifers are quaternary 
sand and gravel aquifers underlain by the Upper Fars Formation as basal unit 
compri sing early Miocene age, mudstones and marly dolomites ( GTZ et aL 2005 ) .  
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Th E aquifer are categorized into three flow type , \vhich are local. 
intemlediat and r gional . Groundwater moves from East to west for al l  flow types. 
weihan aquifer are con idered regional flow type. Regional aquifers ha e 
10\\ mo\ ement with long re idence ground ater sy tern. Moreover, the main 
h) droch mical characteri t ic for regional flow type are J- ugh temperature rate and 
high-mineral ized groundwater, and long recharge t ime reaching 1 5 .000 years. As the 
aquifer ha long residence time, it results in accumulation of salt in the aquifer and 
di  o lution of salt in groundwater. weihan hallow aquifers are considered as 
chloride type aquifer ( Brook, 2006) .  
The l ithology of weihan aquifers are. in generaL marly nature that co ered 
b) clay and gypsum in some area. then there are some conglomerate and dolomite 
rock . but mostly gravel ,  covered b sand at the top. Most of the sands covered are 
fine to medium fine and loose sand type. The upper parts of the aquifer have 
moderate permeabi l ity and l- ugh porosity underlying by gravel and conglomerates, 
decreases with increasing depth ( EAD,  20 1 2 ) .  
3. 1 .  M aterials 
CHAPTER THREE 
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T meet the objective . \vater amples were col lected from the study area. measured 
in the field u ing ph. ical parameters. and tored in permeable way . Samples were 
te ted for anion . cations and trace element at AEU laboratories. In addition to 
that i otopes anal)' is was also perfOlmed. Precautions and controls were taken 
before and during the ent i re mea urements. 
3.2 .  Sa m pl i ng  
amp l ing ha  taken place in  January 20 1 0 . About 27  groundwater samples were 
col lected systematical ly from d ifferent wel l  using two pathways. from north to 
south and from east to west in the stud area a shown in ( Figure 1 2) .  
From each wel l .  two bott les o f  amples \\Tere collected; each with a volume of 
l itre . For major cations and heavy meta ls  samples was acidified with nitric acid 
(HN03 65%).  amples in the laboratory are preserved at cool temperature of 4°C . 
Additional 1 5  groundwater samples with 20 m l  each were col lected for hydrogen and 
oxygen analysis i n  glass tubes with V -shape plastic cap to pre ent evaporat ion. 
Bottles were transported and stored in  cold container « 4°C ) .  
3.3. Field M easu rem e n ts 
Col lected groundwater samples were measured in the field for pH ( H� ion 
concentrat ion) using pH meter. Temperature (DC) ,  electrical conductivity ( EC ) .  and 
24 
total di olved l id  (TD ) :  a l inity w re performed in the field u ing Hanna 
In trum I1t ( H I 9  28) .  OP ( Oarmin-Montana650 ) employed in positioning locations: 
AquaChemTM software u ed for graphical pre entation and Swier Maniplilalion™ 
oft" are for the maps pre entation by inrerse Di lance Weighting method. 
320000 322000 32.000 326000 328000 330000 332000 334000 336000 338000 0000 
Figu re 1 2 :  Sate l l i te map shows the location of the GW samples col lection in weihan 
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3.4. Laboratory M ea u rements 
at r ample were anal ed for anions, cations and trace element , Anions 
including Of, 02-. 04.2 , HCOf, CL and P04-. \vere detected in the sample 
u ing Ion Chromatography ( l  ) ( Dionex rCS-2000) .  Anions' testing was perfomled 
in the Chemistry Laboratory at AE Univer it . For cations including Na+. Mg+2, 
K+. a+2 . and trace elements inc luding Pb. Ba, Cr. Cd, A . Mn, F. Fe. Sr. N i ,  AI .  Co. 
I ndu l ively Coupled P lasma Mass Spectrometry ( ICP-M ) ( Varian 7 1 5-ES) was 
u ed to determine th e lement present in the samples especial ! heav metal s and 
quant i fy their concentrations. Measurement were done in mg/l in the Geology 
Laboratory at the UAE Univer ity. A l l  instruments are l i sted in Plate 1 .  
For qual ity contro l .  a l l  g lassware used in the measurements c leaned. rinsed 
v;ith water. 1 0'0 nitric acid and deionized water prior to next use. Samples with high 
d issolved sol ids  are d i luted to ensure correct results, as they have different v iscosity 
and nebulation rate than the standards .  Proper care i s  taken in the preparation and 
storage to avoid contamination ( EMSL,  AJefhod 200. 7) . 
3.5. Stable Hyd rogen and  Oxygen I sotopes 
Fifteen groundwater samples were col lected for hydrogen and oxygen isotopes 
analyses. About 20 ml of water samples were stored in sealed air1 ight glass bott les. 
The col lected samples were analysed using a laser evaporat ion-based mass 
spectrometry at the Centre for Ice and C l imate in Universi ty of Copenhagen. 
Denmark. The data was reported in the usual 8 notation with respect to the Vienna 
Standard J..1ean Ocean Water ( VSMOW).  The precision for 8 1 80 is 0. 1 -0.2 per 
mi l  and for 8D it is 0 .5 - 1 .0 per mi l .  
Harma Instrument (9828 )  Ion  Chromatography ( Dionex IC -2000 ) 
� 
VA R I A N 
I nduct ively Coup led P lasma Mas Spectrometry (Varian 7 1 S -ES)  
Plate  1 :  The i n struments used in  the  fie ld  and laboratory measurements 
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CHAPTER FOUR 
R ES U LTS AN D  D I SCUSSION 
4. 1 .  Physica l Propert ies 
Ph) ical propertie are important in determining the qual ity and acceptabi l it of 
ground\� ater in a certain area. The parameters u ed in studying the qual i ty of 
groundwater in the study area are temperature, hydrogen ion concentration (pH) .  
electrical conduct ivity ( EC ), and total di  solved sol ids ( TDS) .  Below is  a detai led 
discussion about the results of those parameters in the study area. 
-t. 1 . 1 .  Temperature 
Temperature of the aquifer pIa s a critical role in  physical and chemical behaviour of 
the water ystem. The range of temperature of Sweihan groundwater samples i s  from 
29.2 to 32 .5  °C. These high temperature alues indicate an arid region with low 
rainfa l l  and low recharge level ( M urad , 20 1 1 ) . The temperature i s  increasing toward 
the northeast and northwest of weihan and cool ing down in the centre and the south 
as shown in (F igure 1 3 ) .  
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Figu re 1 3 :  Contour map show temp. d i str ibut ion of GW samples i n  study area 
4 . 1 .2 .  Hyd rogen I on Concentrat ion ( p H )  
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The pH i s  one of the most common water quality indicators for test ing the sample's 
ac id i ty .  I t  i s  actual ly a measurement of the potential activity of hydrogen ions (H+) in 
:29 
the ample. The pH mea ur ment have a cale from 0 to 1 4. where 7 considered a 
neutral . olution with pH below 7 .0  are con idered as acidic nature, whi le solutions 
v. ith a pH abo\' 7 up to 1 4  are considered ba ic nature or alkal ine (WHO. 2003 ) .  
The p H  o f  water i s  influenced by many factors � among the most common are 
the bedrock and o i l  composition. which the water gets in contact with i t .  Other 
factor may be the amount of plant grovvth and organic materials in the flow (Oram, 
20 1 4) .  Hy drogen ions are such mal l molecules that eas i ly enter the mineral 
tructures and change the amount of some di ssolved components in groundwater. 
In other words. the more avai labi l ity of hydrogen ions in water ( greater the 
\'alue). the lm,v er the pH. which means more acidic ,  the higher the Total Dissolved 
o l id  (TO ) as a result of high bicarbonate presence HC03 deriving originall from 
a reaction of water molecules ( H20)  and the abundance of C02 in the atmosphere 
e l son. 2002) .  In relation with TDS. pH is s l ightly basic where TDS is at low 
amounts ( south and southeast) ,  and the high TDS in the northwest, the more pH 
becomes neutral . Accordi ng to World Health Organi zation guidel ines. ( WHO. 20 1 1 )  
pH less than 6 .5  or greater than 9 .2  impairs the portabi l ity of the groundwater for 
drinking purposes. 
In addit ion, pH usual ly has no d irect impact on human health if  stays around 
the neutral value. The pH values for groundwater samples in Sweihan are within the 
perm issible l imits. The pH values for groundwater in the study area are varied from 
7 .2  to 8 .9 .  The pH is more neutral in the centre of the study area and becomes more 
alkal ine toward the southea t as shown in ( Figure 1 4 ) . 
31Tl36 
... 
;:: 
N 
.. .. --
N 
31 1336 
_ 7 2 
_ 7 3 
_ 7 J 
_ 7 5  
7 6  
7 7  
323336 
323336 
7 8  _ 8 J 
7 9  _ 8 5  
8 0  _ 8 6  
8 1  _ 8 7  
8 2  _ 8 8  
8 3  
Roaes - Well 
329336 
335136 
+ 
335136 
pH S .. bce M:anipul:rtion 
+ 
.. .... .. 
:e 
..... ., 
.. 
.. 
N 
U sing I nverse Dis t::ance Weight (IWD) 
o 2 4 6 KM 
Figu re 1 4 : Contour map of the pH d istri but ion of GW samples in the tudy area 
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In relation with TD , pH i s l ight ly basic where TD is  at low amounts 
( outh and outhea t), and the high TD in the nonlw, e t, the more pH becomes 
neutra l .  ccording to World H aith Organization (WHO, 20 1 1 )  guidel ines, pH Ie 
than 6.5 r gr ater than 9.2 impair the portabi l i ty of the groundwater for human 
drinking purpo e . In  addit ion, pH u ual ly ha no direct impact on human health i f  
tay a r  und the neutral value. The pH values for groundwater samples in  Sweihan 
are with in the pemlis  ible l imits. 
-'. 1 .3. E lectrical Conduct ivity ( EC)  
E lectrical Conductivity (EC)  expresses the concentration of  ionized substances in  
water. The maximum permissible concentrat ion of  EC for drinking water according 
to \VIIO is  1 400 )lS/cm ( WH O. 20 1 1 ) .  The electrical conductance is  a measurement 
of total ionic concentrations in the water at a standard temperature of 25°C, which 
al lows the electric i t  to go through ( Todd. 1 980) .  Sweihan samples showed values 
\'aried from 4590 )lS/cm to 25 ,600 )lS/cm as the h ighest value of the sample o.  24. 
As shovm in F igure 1 5 , the EC high alues are concentrated in the west, especia l ly 
northwest of the region. 
The EC is an essential  factor in detelmining the qual ity of water. According 
to the values measured. Sweihan groundwater i s  not suitable for drinking, as the EC 
exceeded the perm i ssible l imit of the WHO (Gupta. 2009 ) .  The EC is  related directly  
to  total d issolved sol ids present in the water. I f  di ssolved sol ids increase in the water, 
the EC increases as the presence of cations and anions causes increases of conducted 
electri c ity. H igh amounts of TDS present in the sample are the core reason of having 
high EC amounts in weihan samples ( Harter. 2003) .  TDS wi l l  be di scussed in 
detai l s  in  the next paragraph. 
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Figu re 1 5: Contour map of the EC d istri bution ofGW samples in the study area 
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4 . 1 04. Total Di  olved Sol id ( T DS)  
Total di oh ed o l id  (TD ) ar ne of the geochemical parameters used to eval uate 
gr und\\ ater quality. TD are matters that stay in water after e aporat ion and 
accumulate after dryne . They are inorganic salts such as calcium. magnesium, 
pota i um. sodium. bicarbonates. chloride and sulphates. and smal l amounts of 
organ ic matter that are d i s  olved in water (Harter. 2003 ) .  
I n  addition. TD can originate from natural sources such as  minerals 
weathering from rocks. sewage effluents. agricultural runoff and indu trial 
\\"a tewater (Chi l ton. 1 996) .  Regardi ng WHO standard . concentration of TD in the 
water hould not exceed 1 00 mg/l to be potable for drinking purposes ( WHO. 20 1 1 ) . 
The TD s consi t of ionic alts. which conduct e lectricity to indicating a general 
nature of al in i ty in the water. and related to total electrical conduct ivity .  Water with 
high TDS have salt, taste and produce scales on cooking vessels and boilers. water 
pipes. household appl iances. However. TDS is not recorded to have an adverse 
effect on human health (Etekwana, 2004) .  
In Sweihan samples, the TDS ranges from 2,93 8 to 1 6.384 mg/1 .  H igh alues 
are concentrated heavi ly in the northwest reaching 1 63 84 mg/l in sample 0.24 and 
decreasing toward the east and southeast. Regarding the WHO standards, all samples 
in the study area exceeded the permissible l imit of 1 000 mg/1 . The high 
concentration of TDS i s  correlated to the presence of ionic salts. which are sodium. 
potassium. magnesium. calcium and chloride. 
These ionic sal ts are present from natural sources from precipitation and 
e aporation processes. As wel l .  d issolution of minerals from sedimentary rocks 
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pre ent 1 11 the tud area contribute to TO accumulations. \ h ich are gypsum. 
dolomite. feld par . and chert ( askatch wan Government. 2008) .  Furthermore. 
di ffer nt agriculture act i vitie such a using of fert i l izers and leaching of agricul ture 
rW10ff into ground\\; ater are al 0 a main reason of having TD in the groundwater 
( Thiro . 20 1 0) .  
E lango\ an ( 2009) referred to  TO ranges regarding their use for drinking and 
irr igation. According to h is  c l assi fication <500 mg/l is desirable for drinking. 500-
1 000 mg/l i pernl i ible for drink ing. 1 00-3000 is  useful for i rrigat ion, and >3000 
considered unfit for e i ther drinking or i rrigation. With comparison to h is  
c1as ification. TDS range of weihan samples are not uitable for drink ing or 
i rrigation as it exceeds 3000 except for sample 0 . 1 4  (2938 mg/l ) .  
Comparing re u lts of the study with other previous studies regarding TDS. a 
hydrochemical assessment of Sweihan area concl uded that TD and EC values of 
col lected groundwater samples exceeded the WHO l imit .  The assessment suggested 
that h igh EC values could be due to the increase amounts of anions and cations 
especia l ly  sod ium and chloride in the groundwater (ADFCA. 2005 ) .  
Another Study near Sweihan area was done by ational Dri l l ing Company, 
concluded that samples studied reached on TDS a value of 1 0.000 mg/I. whi le 
1 5 .000 Jl /cm for EC .  These values are considered not potable for drinking. 
Therefore. groundwater needs to be treated by removing the accumulated salts and 
then used for i rrigation ( I mes, 2009). F igure 1 6  represents a contour map of the TOS 
distribution of groundwater samples in  the study area. 
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4 .2 .  Chem ical  Propert ies 
The chemical compo it ion of groundwater i s  influenced by the type and amount of 
o luble of rock weath ring and decompo ition. The main parameter mea ured to use 
in anal)' ing water qual ity, are cation including Ca+:!, Mg+2, a+, K+, and anion 
including CL 0 .. '2, HCOf. 03', 02', and PO .. ,
2 . Other trace e lements were 
mea ured a wel l  inc luding Pb, Ba, Cr. Cd, Co, Mn, F, Fe, Sr, N i ,  and AI .  Al l  the 
chemi al pec ies resulted in the analysis of study area groundwater are presented in 
(Tabl 2) .  
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4.3. M ajor  Cat ions 
The major sequence of cation dominance in groundwater of the quatemary 
sand tone aquifers at weihan region ha the order of a+ > Mg-2 > Ca+2 > Kt- (see 
Table 3 ) . Below is detai led discussion of each chemical parameter. 
analysis 
M ajor cations Major a n ions 
values in N a+ K+ Mg+2 Ca+2 n 504•2 HC03' N03' 
( mg/I )  
M i n imum 1 243.7 14.8 45.3 44 .5  1065 720 13 .3  5 . 8  
Maxi m u m  5642 .4 109 .7  1 145.3 926 8626 4368 76.8 3 10 
Mean 3446.4 59 .5  49 1 .9 435 . 1  4446 2794.7 76 .8  54.2 
WHO 
permissible 200 - 50 - 250 500 500 50 
l im its 2011 
Table 3 :  M i n ilMaxi, Mean a l ues. W HO penn i s ib le l i mi ts  of major cations & an ions i n  
G W  samples 
4.3. 1 .  Sodium ( Na+) 
Sodium i s  a highly sol uble chemical and it i s  abundant i n  the ea11h. Most rocks and 
soil s  have sodium compounds so a l l  groundwater contains some sodium. Sodium 
can be tasted at concentrations of 200 mg/l or more as stated in  WHO guidel ines for 
drinking water ( WHO, 20 1 1 ) . When exceeding the l im it i t  gives salty taste together 
with the presence of chloride. 
H igh amounts of sodi um in groundwater could indicate pol l ution from point 
or non-point sources or salt -water intrusion. Heavy consumption of sodium can be a 
risk factor for many di seases (WH O  Guidelines, 2006). Natural sources of sodium 
include d issolution of c lay minerals fel dspars, brackish water. and seawater intrusion 
39 
In the coastal areas. Anthropogenic ource inc lude ewage, agricultural and 
indu trial effluent and oi l  leachate that i h igh in sodium ( Panno, 2006) .  
H igh amount of sod ium in arid and semi -arid ba ins might occur because of 
e" aporate d i  solution and evaporat ion influences ( Richter et aL ] 993 ; Edmunds et 
al. 2003 ) .  In the tudy area, the a+ value of groundwater samples were in the range 
of 1 244 to 5642 mg/ 1 .  A l l  ample exceeded the standard l imit  of the WHO, which 
indicate that the groundwater cannot be used for drinking as shown in ( Figure 1 7 ) .  
As groundwater has high TDS and EC, sal t  sol ution concentrat ion (NaC l )  is 
very common h igh odium values in  Sv,'eihan area to indicate a s ignificant source of 
agricu ltural leachate and effluents into groundwater. The use of fert i l i zers and 
i rrigation cau e increase in sodium amounts in the groundwater. I n  addition, poor 
soi l  texture causes infi ltration of sodium easi ly into groundwater. Moreover, 
Sweihan area is rich of sedimentary ores, such as carbonate. s i l icate and sulphate 
compounds that sod ium is commonly anached to fonning many fom1s of salts 
( Panno. 2006) .  
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Referring to (Figure 1 8 ) .  the highest values are concentrated in the n0l1hwest 
towards the east I n  previous studies of Food I nspection Centre in Al-Ain. results 
howed very h igh sodium values ranging from 5 1 3 -45 1 9  mg/l (ADFCA. 2005 ) .  
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According to ( Figure 1 9) ,  the rat io of 0.94 shows a very strong relationship 
bet\\ een odium and chloride sugge t ing that both odium and chloride is present 
from the same source. The first source is the heavy agricul tural activities and their 
effluents in the area. The other source could be the high sal ine water in the area that 
could evaporate and leave the salt behind. Erosion of rock m ineral s containi ng salt 
compounds a mentioned previously i s  another reason (E I-Mahmoudi .  2008 ) .  
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· t3.2 .  Pota i u m  ( K+ ) 
K' i a very comm n element found In water and increases during time due to 
di olution of rock . The main ource of  potassium are feldspars. feldspathoid . 
mica and c lay . Gen ral ly, it has low concentration of < 1 0  mg/l in natural fresh 
\\ ater. P ta s ium i strongly attached by c lay partic les on soi l  and considered one of 
the important fert i l izer ( Todd. 1 980) .  
The K+ value In weihan groundwater amples range between 1 4 .8- 1 09.69 
mgt! . The h igh value concentrate in the northwest as expressed in ( Figure 20) .  K+ 
ha no tandard level for drink ing water in the WHO 20 1 1 guidel ines. as it appears in 
water \\'i th amounts that doe not ha e threat to human beings. 
The presence of K in  the study area could be due to s i l icate minerals such as 
gyp um. feldspars and c l ay. which are present in  the area. I ncreasing K+ exi stence in 
ground\\ ater i s  a re ult of agricultural runoff. where K+ is the main constituent in the 
fert i l izers that added to crops ( Juned. 20 1 1 ) . K+ has a very strong relationship with 
TD ( R=0.9). which indicates that K+ is  one of the major contributing element of 
TD increase in groundwater expressed in  ( Figure 2 1 )  (Al l i  on. ] 954 ) .  
Furthermore. K+ has a strong relationship with Na+ as shown in  ( Figure 22) .  The 
ratio ( R2=0.9)  means that both a+ and K+ originate from sanle source. This source 
should be the agricultural effluents and runoff that leach through soil into 
groundwater (Chapman. 1 996) .  I n  addition, sodium and potassium are commonly 
added in ferti l izers' compounds. as they are important nutrients for plants (US EPA. 
1 99 1  ) .  
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�.3.3. M agne i u m  ( M g+2 ) 
Magn ium i a major con ti tuent found in \yater. I t  is found in amphiboles, gyp urn, 
p) ro:\ene . dolomite, magn ite. c lay minerals. and weathered minerals from 
ophi l ite rock ( Department of atural Re ource . 2002) .  Magnesium concentration 
in fr sh \\ ater is Ie s than calcium because of the low geochemical abundance of 
magnesIum .  
Concentration of magne ium in the study samples ranges from 1 03 .074 -
1 1 45 .28  mg/L \\' ith the cept ion of one sample ( 0 . 1 3 )  of value 45 .29 mgll . 
fagne ium "alues are a l l  exceeded 50 mg/l which i s  the pennissible l imits of WHO 
for drinking \'>ater. Magne ium concentration is  according to ( Figure 23 ) .  increases 
in the northv,est and decrease toward the east. The reason of the abundance of Mg2+ 
in grOlmdwater is the v;eathering of dolomite (CaMgC03 )2 (E I-Mahmoudi ,  2008) .  
( Figure 24) expresses the relationship of TDS and magnesium. As magnesium is  one 
of TDS main contributors, the re lationship ratio between magnesium and TDS is  
h igh ( R2=0.9) .  
lagnesium and sodiwn together as ionic salts have good relationship 
( R2=0.9). shovm in  ( Figure 25 ) .  This value indicates that both elements increase in 
the groundwater from the common source, which largel is an agricultural activity. 
Magnesium increases in  the groundwater because fanners use the same groundwater 
pumped from wel l s. which contain magnesium and other elements in i rrigat ing the 
farms. so it increase the accumulation of magnesium in the groundwater. Magnesium 
as wel l  is present in some fert i l i zers that are used for d ifferent yields (Al l i son. 1 954) .  
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·t3A. Ca lc ium (Ca+2 ) 
Calc ium i deri \ ed from dis olution of anhydrite ( a o.� ) .  gyp um (Ca 04'2H20) 
and l ime t ne ( Ca 03 ) giving dolomite [CaMg(C03 ):n and calcite (CaC03 ) .  
Calcium together with magne ium are both common in rocks and water (Obiefuna. 
20 1 1 ) . Calc ium range in the stud area from 44 .55 to 926 mg/l . Calc ium has two 
trend in the region. It i concentrated in the northea t of the study area and in the 
middle ( Figure 26) .  
WHO guidel ines. 20 1 1 did not spec ify a permissible l imit  for calcium in 
drinking ,,'atel'. but stated that calcium pemus ible l imit  in groundwater should be 75 
mg/l .  according to the WHO (20 1 1 )  guidel ines; groundwater samples in the study 
area are considered not acceptable for drinking purposes. H igh concentrat ions of 
calc ium in Sweihan area originate from dissolution of edimentar minerals as 
gypswn ( Ca 04'2H20) and anhydrite ( CaS04) and l imestone ( CaC03) which are 
abundant in the study area (E l-Mahmoud i .  2008) .  
Magnesium and sodium together as  ionic salts have good relationship 
( R2=0.9 ). sho\\l  in  (F igure 27 ) .  This value indicates that both e lements increase in 
the groundwater from the common source, which largely i s  an agricultural activity. 
Magnesium increases in  the groundwater because fam1ers use the same groundwater 
pumped from wel ls. which contain magnesium and other elements in i rrigating the 
farms. so it i ncrease the accumulation of magnesium in the groundwater. Magnesium 
as wel l  i s  present in  some fert i l i zers that are used for different yields (A l l ison. 1 954) .  
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4.4. Major  A n ions  
5 ]  
The major anions that found to be dominant in the groundwater samples from the 
4.4. 1 .  Chloride (Cn 
Chloride i s  a widely spread element in  nature. and considered a major constituent in 
groundwater in semi-arid regions. Di ssolution of feldspathoid .  sodal ite and 
phosphate mineral apatite and sedimentary rocks such as e aporites causes chloride 
presence in groundwater ( Hem 1 985) .  Chloride usua l ly  forms d ifferent 
compositions of salts such as sodium chloride (NaCn, potassium chloride ( Ken 
and calcium chloride (CaCb} 
52 
nthropooenic ource that cau e increase in chloride occurrences in 
ground\\ ater are agricultural pract ice . sewage. industrial wastewater ( Ravi Praka h. 
1 989) .  According t the HO guidel ines. chloride level above 250 mg/l in drinking 
\\ ater can b detectable and cau e salty ta te ( WHO, 20 1 1 ) . High concentrat ion of 
chloride in groundwater r suIt in high sal inity.  Hea y extraction of ground, ater in 
an area \', ith lov" rainfa l l  levels could lead to high sal in i ty (Murad, 20 1 1 ) . Chloride 
with mal l an10unt has no or l i ttle effect on suitabi l i ty of water. If it exceeds 600 
mg I i t  markedly  impair the potabi l ity of water. Ch loride can be detected in ,.vater 
eas i l )  b) the alty ta te of water. Chloride increases the rate of corrosion in water 
pipes (lamshidzadeh. 20 1 1 ) .  
In Sweihan groundwater sample . C I '  concentration ranges from 1 065 to 
8627 mg/l . The trend of concentration increases from east to northwe t as of sodium 
trend ( Figure 28 ) .  Concentrat ion of CC in the area i s  considered very h igh comparing 
with WHO standards (250 mg/l ) .  As d iscussed earl ier in ( Figure 1 9 ), Cl '  and a- are 
related ( R1=0.9) .  which indicates agricultural activit ies. Moreo er. strong 
relat ionship ( R1=0. 85 )  is shown in ( Figure 29) .  between K+ and Cl - indicates that 
agricultural activit ies in the area is one of the main sources of chloride presence 
( Ravi Prakash .  1 989) .  
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�A.2.  Su lphate ( SO�-2 ) 
Sulphate is derived from gypsum (CaS04 '2H20 )  and oxidation of sulphide minerals 
(Egbunike.  2007) .  More than 2 � O  mg/l in \vater causes bitter taste. laxative effects 
for some people. and corrosion of water pipes and distributing systems. It i s  
recommended by health authori t ies that sulphate does not exceed 500 mg/l ( WHO. 
20 1 1 ) . 
Commonly. sulphate i s  associated with h igh concentration of chloride. 
sodium. calcium and bicarbonate, and presents in sal ine water ( Yidana. 20 1 0) .  
Su lphate concentrat ion aries in the study area and ranges between 720 to 4368 
m g/I . Su lphate has very high concentrat ions in the region comparing with WHO 
guidel ines. Most samples are concentrated in the centre and northwest of the stud 
area as shovm in ( Figure 30 ) .  
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o t r lat d ource of its high pre ence i gyp um and anhydrite. which are 
found in th study area ( Thomas. 20 1 2 ) .  It concentrates in the centre and northeast of 
the tud) area. The poor r lationship ( R2=0.2 )  between ulphate and TD indicates 
that u I phate doe not contribute to TD concentration (F igure 3 1 ) . 
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Figu re 3 1 :  Relat ionsh ip  betw een SO{" and TDS of G W  samples in the study area 
Therefore. sulphate and chloride has no relationship ( R2=0. 1 6) suggest ing 
that sulphate i s  not related to agricultural act ivit ies as for chloride and sulphate i s  
coming from natural resources ( Figure 32 ) .  Therefore, S04-2 concentrat ions in 
Sweihan region are from disso lut ion of gypsum and anhydrite present in  the area 
(Mohsen. 20 1 3 ) . 
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... .4.3. Bicarbonate (HC03-) 
HC03- i eas i ly d i  solve in water and usual ly originates from \veathering of 
feld  par and ferro-magnesium minerals by carbonic acid ( Monjerezi et a l . .  20 1 2 ) .  
\',-eIL  it comes from dis  o lut ion of carbonate rocks and water-rock interact ion 
( Murad et aL 20 1 1 ) . Al though. there are no exact pem1 issible l imits for bicarbonate 
in \VHO guidel ines ( 20 1 1 ) , the presence of HCOf in drinking water should not 
exceed 500 mg/l in order to be safe for human consumption. HC03- has a crit ical 
contribution to alkal in i ty of groundwater ( Mohsin et a 1 . .  20 1 3 ) .  
Alkal inity i s  defined as  the abi l i ty of water to  neutra l ize an  acid and 
expressed in the fom1 of CaC03. As HCOf is derived from CaC03 and MgC03, 
alkal in i ty and total hardness are connected, and relatively have s imi lar ranges (TSC, 
2009 ). Sweihan area has reasonable concentration amounts of bicarbonate ranging 
between 1 4-76 .8  mg/l . The presence of HC03- in wei han region is  due to l imestone 
weathering and 
(F igur " " ) -' . 
JI73l6 
+ 
+ 
+ 
+ 
+ 
E N 
+ 
J173l6 
. 0 - 2 
. 2 
. 5 
7 
. 10 
. 12 
14 
17 
Roads 
feid par . H Of 
+ 
32J3l6 
19  
22 
24 
26 
29 
31 
34 
36 
+ 
32J3l6 
+ 
38 58 
41 60 
43 _ 62 
46 _ 65 
4a _ 67 
50 . 70 
_ 53 . 72 
_ 55 . 74 
+ Well 
Increa e 
J�J36 
+ 
+ 
J�3l6 
from we t and 
335336 
+ + 
+ 
+ 
W towards the 
+ 
+ 
+ 
� 
.... .... .. ... N 
Bic3rbonates (He03) S urbce M3nipul3ti on 
Using I nverse Dis bnce Weight (IWD) 
o 2 4 6 KM 
Figu re 33 :  Contour map of HC03- d i str ibut ion of GW samples i n  the study area 
58  
E 
59 
4.4A. 
, J - ion pre ent in water due to u e of ferti l izer _ biocides during inigation (Zhang, 
2007) .  The exc ive use of nitroo nou fert i l izer , and the presence of se\ age in the 
area_ could lead to 03- leakage into groundwater ( Wei l ,  1 990) .  Nitrate has health 
effect a it could cause blue-baby yndrome for infants after h igh exposure ( WH O, 
20 1 1 ) . The range of 03- concentration in the study area is  from 5.8 to 3 1 0  mg/I : out 
27 an1ples. I I  amples exceeded the 03- permissible l imit  of 50 mg/l regarding the 
�'HO 20 1 1 guidel ines. N03- increa es from south to north as shown in ( Figure 34) . 
1 1urad et al (20 1 1 )  uggested that if the ratio between K+ and NO)- is  high, 
then the agriculture i one of the main sources for both and agriculture i s  
contributing to water quality in the region as  shown in ( Figure 35) .  Therefore, 
expressing a negat ive relationship ( R2=0.0056).  which concludes that there are other 
anthropogenic contamination sources that contribute to 03- concentration other 
than agricultural activit ies in the area ( Choi . 20 1 1 ) . 03- could init iates from 
domestic wastewater effluents in the form of anuTIonium (NH�+) ,  or from natural soi l  
03- in  the form of nitrite 02- ( Boumer, 1 978 ) .  
03- was measured in Sweihan in  20 1 3  as  1 0  microgram/cubic meter ( EAD, 
20 1 4) .  Therefore. ni trite could be one of the sources of nitrate presence in the study 
area. Other suggested sources are animal manure and septic system. The study area 
contains d ifferent types of human act ivit ies such as camel farms, poultry farm and 
other feedlots. Animal waste could be one of the major Of sources in the area. 
Septic tanks could be also present in smal l scales in the area, which lead to adding 
03- in the groundwater ( American Farm Bureau Federat ion, 1 987) .  
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4.5.  Trace E l emen ts 
6 1  
The trace metal are one of the most common and envirolID1ental ly concerned 
pol lutants that se\'erely  destroy the aquatic system. The presence of trace metals 
could be from natural or anthropogenic causes. Once trace elements are released in 
the environment, they never disappeared nor destroyed. as they are non-
biodegradable. They are whether di ssolved to form ions or complexes, or suspended 
as part iculate matter. or accumulated down as bed sed iments (Zhang. 2009; Al i  et al .  
20 1 3 : Tuna et a l .  2007) .  
Most of trace metals are mobi le and have low soluble leve ls  in water. H igh 
concentration of trace metals in the water, results in deterioration of water qual i ty for 
drinking and i rr igation. Moreover. trace metals are toxic to cause serious di seases to 
62 
orgal1J m leading t death if  xp ed to high concentrations (Niu et al . 2009 . The 
trac m tal in weihan area are chromium. lead. and strontium a shown in Table 4. 
Trace element Minimum and WHO % of wel l  
aXlmum alue pelmissible l imit  exceed ing the 
(mg/l ) ( 20 1 1 ) l imit  
l uminum (Al ) 0.0 1 -0.06 0.2 0% 
Barium ( Ba) 0 .0 1 -0.06 0 .7  0% 
Cadmium ( Cd) 0.00 1 -0.003 0.003 0% 
Cobalt (Co)  0 .002-0.02 0.4 0% 
Chromium (Cr )  0 .09-0.49 0.05 1 00% (27 )  
I ron ( Fe)  0 .003-0. 7 No standard 4 % ( 1 )  
value 
Manganese (1vin) 0.00-0.009 0. 1 0% 
trontium ( Sr) 4 .9-46.6 No standard ---
value 
Lead ( Pb )  0 .0 1 -0.08 0 .0 1 40% ( 1 1 )  
N ickel (Ni )  0. 003-0.03 0.07 0% 
F luoride ( F )  0 .00-0.04 1 . 5 0% 
Table 4: S ign ificant t race meta l s  in S\� e ihan area 
4.5. 1 .  C h ro m i u m  ( Cr) 
Chromium i s  a widely d i stributed substance on earth's crust. It can be found from 
natural and anthropogenic source. Cr is natura l l  found in the form of Cr V I  
minerals .  I t  i s  soluble and highly toxic .  I t  i s  found in high alkal in i ty basins (pH=8 -9 ) 
63 
and al in ba in (Godgul et a i ,  1 995 ) .  I t  originate a wel l  from the erosion of 
metamorphic rock uch a serpentinite (Hemie et aL 2002 ) .  
atural c1u'omium i s  con idered more dangerolls than manmade foml as it 
pre ent in the oxidization environment. Moreover. Cr I I I  is C0l1U110nly found and is  
in oluble and Ie  toxic .  ources of manufactured c1u'omium are talU1ing, petroleum 
refining and oth r indu trial appl icants ( teinpress 2004) .  Long-time exposure to 
chromium can lead to the po s ibi l ity of ha ing carcinogenic i t  effects. The WHO 
p mli s  ib le l imit  for Cr in drinking water i s  0.05 mg/I ( WHO, 20 1 1 ) . 
ources of Cr in  the stud area are natural and synthetic source. The natural 
source of chromium in the tudy area is the presence of c1u-omite ( FeCf204) deposits 
in the u ltramafic igneous rocks fragments found in the area. These fragments were 
deriyed origina l ly  from Oman amai l Ophiol i te in the ancient ages ( H unting. 1 979; 
Bro\\TI. 1 980) .  Cr i s  al 0 present in the serpentinite metamorphic rocks. which 
derived from dehydration of u ltramafic rocks in the old t ime (Thomas. 20 1 2 ) .  
O n  the other hand. C r  could derive from agriculture activit ies. Some 
chemical mult i -nutrients fert i l i zers cal led N PK fert i l izers contain certain amounts of 
C�'" on thei r  production. The continuous use of these fert i l izers wi l l  trigger the 
increase amount of Cr in the area ( Battel le. 1 999) .  Chemical analysis of groundwater 
samples in Sweihan revealed that a l l 2 7  samples are above the WHO pelmissible 
l imit  ( 0 .09-0.49 mg/l ) .  Chromium is  concentrated in the northwest of the area. the 
ame trend of sal inity ( Figure 36 ) .  
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.t.5.2.  Lead ( Ph) 
Pb malnly come from munic ipal network , water pipes, and plumbing in bui ld ings. 
Pb i pre ent in nature in very rarely in smal l amounts ; it has the tendency to 
di olve lowly in  water, and quickly in hot ac idic compounds. That is why; the 
con entration varies depending on pH, temperature and water hardnes ( Mohan & 
Ho ett i ,  1 998) .  
ome of health effects that caused b Pb uch as neurodevelopmental effects, 
mortal i ty caused by card io\'ascular di seases. impaired renal funct ion. hypertension, 
impaired fert i l i!) and adverse pregnancy outcome (EPA. 2009) .  As the pem1itted 
l imit of Pb in drinking 'vvater according to WHO guidel ines. 20 1 1 .  is 0 .0 ] mg/L 1 1  
ample out of 27 found to be exceeded the l imit  in the study area ( Figure 3 7 ) .  
Til i s  high concentrat ion could come from water pIpes containing Pb or 
industrial waste and landfil l  near the area. Agrlcultural practices influence as wel l  
the presence of  Pb as PK fert i l i zers also contain amounts of Pb. which contribute to 
the increase amounts of lead in the stud area ( Battel le, 1 999) .  
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... . 5 .3 . t ron t i um ( r) 
67 
trontium i abundant in the earth . It i one of the alkal ine earth metals .  It i s  highly 
olubl in water and \\  ater- oluble olutions, and r act trongly with oxygen. 
trontium ha imi lar phy ical and chemical propeliies of calc ium and barium 
( koug tad & Horr, 1 96" ) .  r i s  found i n  nature i n  the fom1s o f  04'2 mineral 
ele tite ( r 04 ) and carbonate trontianit ( SrC03) .  
r ha  the abi l it, to  attach to  oi l  particle after weathering of  rocks and 
moves with the part ic le and infi l trates into groundwater ( Kulp, 1 952 ) .  The WHO 
Guidel ine (20 1 1 )  has no tandard level for strontium but the health advisory 
l i fetime for tront ium i et at 1 7 .0 mg/l ( Department of atural Resources. 2002 ). 
The avai labil ity of ulphate and carbonate in the area al low r to present in high 
amounts. 
edimentary fo s i l s  present in l imestone contain strontium and huge amounts 
of ulphate and carbonate that can be easi ly  react with strontium. As Sr, Ca+2. and K+ 
are i n  o lved in  ion exchange process: i t  al lows Sr to exchange with K+ and Ca�2and 
to stay in the groundwater of the study area ( Hem. 1 985 ) .  Sr is also associated with 
weathering of gypsum deposits in the area ( Department of atural Resources, 2002 ) .  
In  the study area. strontium varies between 4.6-46.6 mg/l . 1 8  an1ples out o f  27  
exceeded 1 7  mg/l . i t  i s  concentrated in  the west part of  the study area and ha  e 
s imi lar trend of sulphate and calc ium ( Figure 38 ) .  
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-t.S...t. Hydrochemica l  Facie 
The concept of hydr ch mical facie i s  u ed to explain the d ifferent chemical 
characteri t ic of groundwater b dividing it into categories according to its chemical 
components. and to be able to propo e the po sible chemical processes and reaction 
occurred bern een water and it surrounding subsurface constituents including 
mineral . 
Water type are the phra e used to describe hydrochemical facies. Water type 
repre ented by the dominance of each anior cation exceeding 50% of total 
amon . cation I l1 meq/l% .  Only anion/cat ion which calculated value (meq%) 
exceeded 1 5  i s  con idered (Altovi k i . 1 962 ) .  27  samples were analysed from 
weihan area giving 7 d ifferent groupings which are : 
1 .  odium - o.�- Chloride ( samples l .3 ,4 .5 ,7,8 , 1  OJ 2, 1 3 . 1  727)  
2 .  19-5odium- 04-Chloride ( samples 1 1 , 1 5 , 1 8 . 1 9,20.2 1 .22.24,25 .26 ) 
3.  odium-Cl- ulphate ( amples 2 ,6)  
4.  Ca-Sodium-SO .. -Chloride ( samples 9. 1 6 )  
5. Ca-Mg-Sodium-SO .. -Chloride ( sample 1 4) 
6. Mg-Sodium-Chloride ( sample 2 3 )  
The dominance o f  al l  types i s  sodium and chloride except for two samples. 
which have sulphate as a dominant anion. Magnesium and calcium reveal the second 
order in samples 9, 1 6. 1 4,23 .  The dominance of sodium and chloride could indicate 
contamination of groundwater by agricultural practices. A process of re erse ion 
exchange of a-Cl water originates from agricultural wastewater being mixed with 
ground atel'. This emphasizes that agricultural practices in the study area affect the 
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groundv, ater hydroch mi try heavi ly  ( alman, 20 1 3 ) . In order to express water type 
in the tud) area. a tri l inear diagram by Piper ( 1 944 ) is plotted in ( Figure 39) .  
Legend 
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Figu re 39:  P iper d i agram of the hydrochem ical fac ie  of GW samples in the study area 
The principle of Piper d iagram is a three-shaped i l lustration. two triangles 
and one diamond shape. where the triangles represent the cations ( left triangle) .  
whereas the anions ( right triangle) .  and the diamond shape expresses the mixture of 
al l anions and cations. However. Piper diagram has l imitations that it onJy represents 
7 1  
pt:rcentage f cati n amon regarding t tal oncentrati n v;ithout gi\  ing d tai led 
infom1ati n ab ut \\ ater t) pe pre ent in the tud) area. 
\ccording t Piper diagram. th interpretat ion of the anion and cation are 
a fol lo\\ ing: 
• 
• 
I I  ample are ett l d 1 11 odium and pota lum t) pe regarding cation 
concentration . 
II ample are ett led in chloride type except two samples ettled In 
ulphat type regarding anions concentrat ion . 
• l kal i (C l' and 0.(2 ) ar exc eded alkal ine earth ( Ca and Mg) by having 
hloride a the pr dominant anion fol lowed by sulphate. The rea on of 
chloride dominance i the contamination of agricu ltural waste\ ater water in 
the groundwat r. 
• trong acid ( odium and pota ium)  exc eded \\ eak acid ( bicarbonate ) b) 
ha\'ing odium a the predominant cation. The reason for sodium dominance 
i the contamination of groundwater b agriculture effluent . 
I I  the ample are located in  the al ine area of the diamond . ranging from 
1 - -40. re pect i\'e l ) . becau e the pre alent water t pe i odium chloride. \\ hich 
attribute to other concentration . Furthermore. al l  the samples are l ing together 
indicating the s imi larity of composit ion . In order to express the dominance of water 
t) pe . a zonation map wa created in a ho\ n ( Figure 40), howing odium­
Chloride t)'pe as the predominant type fol lowed by odium- ulphate . 
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Figu re 40:  Zonation map of the dom i nant \\ ater tJ pe of G W  amples i n  the tud) area 
4.6. Water Gene  is- Hypothet ica l  Sa l t  Combinations 
T2  
tud) ing \\ ater gene i i e ential in order to under tand the chemical proc that 
affect the water bod) . The analy is used by ul in's principle i s  expre ed by two 
equal quares. One square represent ing marine meteoric genesis  inc luding a2 04 
T' 
and aH �.  and marine water gene i incl uding a h and g b.  ample are 
c"\pre' d in mi l l i  equi\ alent percent and repre ented b! meqO o ( u l in .  1 948) .  
mong the 27  'ampl col lected. 8 ample are di  tingui hed to be marine 
origin ( ample 1 4 . 1 9 . 20. 2 1 .  22 .  _3 .  _'"L 25 .  26 ). \\ h i le the remaining 1 8  are of 
meteoric origin ( ample 1 .  _ .  " . 4. 5 . 6. 7. 8 . 9 . 1 0. 1 1 . 1 2 . 1 3 . 1 5 . 1 6. 1 7 . 1 8 . 27 ) .  
I I  marine origin ( a 1 )< 1 ) ample are marine water origin of magne ium 
chlorid l 19Cb) permanent alt .  I t  i calculated by ( 1- a/Mg)  < 1 .  I t  reveals that 
'e\ n a emblage of alt combination ho\\"n a fol lowing: 
1. laCI > Ca 04 > 19 04 > MgCb > KCI > Ca( H 03)2 (w 11 no. 1 4 ) 
2 .  aCl > 19 04 > a 04 > gCb > KCl  ( \ve l l  no.24. 1 9) 
3.  �aCI > 1gCb > CaCb > Mg 04 > KCI > Ca 04 > Ca(HC03h ( \\ el l  no.20) 
4. . laC I > �1g 04 > Mg b >  Ca 04 > K 1 >  Ca( HC03)2 ( \ve l l  no. 2 1 ) 
5. j 'aC I > 19 b >  Ca 04 > Mg 04 > KCI (we l l  no. 22)  
6 . .  laC! > 19CI:! > Ca 0" > Mg 04 > KCl > Ca( HC03)2  (wel l  no.23 )  
7 .  aCI > Mg 04 > MgCb > Ca  0" > KCI (wel l  no .25 ) 
8.  aCI > MgCb > Mg 04 > Ca 0" > KCl (wel l  no.26 )  
ample are exi t \\'ith permanent a l t  repre enting a Ca 04 and Mg 04 
being Mg 04 wider than Ca 04 from the ascending ord r. Permanent salt may exi t 
due to leaching proce es of the rocks present in the area which are rich of sulphate 
minerals uch as gyp um ( Ca OnH20) and carbonate minerals uch as dolomite 
(CaMg(C03h)  \\ hich are rich in calc ium and magne ium. 
In addition. calcium and magnesium are having cation exchange proce e 
through water-rock interaction from old marine origin (Abdel lattif, 2003 ) .  The 
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e'\i tcnce f � 1g  b a the marine water origin in the tudy area indicate that the 
ground\\ akr ha gone through hea\ ) pumping, v. hich lead to di sol ution of alt 
mineral of deep marin depo it and increa e the cone ntration of alt in the 
groundv, at r ( alman. 20 1 " ) ,  
The econd origin i meteoric water origin ( C 1 »  1 )  of odium ulphate 
(I a2 0-1 ) \\ ater t) pe ( a- \I -1 )  < 1 )  and a counting for 1 8  ample . It reveal the 
foi l  \\ ing h) pothet ical alt combination : 
1 .  • 'aCI > a2 0-1 > g 0-1 > Ca 0-1 > KC I ( \\ el l  no. 1 .8 )  
2 .  aCI > a2 0-1 > Mg 0-1 > C a  0-1 > KCI > Ca( HC03h ( we l l s  no. 3 . 6 .  1 2 . 
1 3 . 1 7. 2 7 )  
3.  1 aCI > a2 0-1 > Mg 0-1 > KCI > Ca 0-1 (wel l no. 2 )  
4 .  1 TaCI > a2 0-1 > 19 0-1 > CaCb > KCI > Ca( HCOJ )2 (wel l  no. 4 )  
5. aCI > Mg 0-1 > a2 0-1 > KCI > Ca 0-1 ( we l l  no. 5 )  
6. aCI > 19 0-1 > Ca 0-1 > a2 0-1 > KCI (we l l  no. 7 , 1 1 )  
7. aCI > Ca 0-1 > a2 0-1 > Mg 0 .. > KCI (wel l  no. 9 )  
8. aCI > a2 0-1 > Ca 0-1 > Mg 0-1 > Ca( HC03 )2 > KCI (wel l  no. 1 0 ) 
9. • TaCI > Mg 0-1 > a2 0-1 > Ca 0-1 > KCI ( \vel l no. 1 5 ) 
1 0. 1 'aC I > Ca 0-1 > Mg 0-1 > a2 0-1 > KCI > Ca( HCOJ)2 (wel l  no. 1 6 ) 
1 1 . aCI > Mg 0-1 > a2S0-1 > Ca 0 .. > KCI > Ca(HC03)2 (wel l  no. 1 8 ) 
I t  i s  noticed that there are variety of salt assemblage , which indicates ion 
exchange processes in  the tudy area. The wide range of permanent salts (Ca 0-1 and 
Mg 0-1 ) indicates presence of sulphate and carbonate minerals. The dominance of 
sod ium in a l l  water types and origin ind icate the infiltrat ion of meteoric water due 
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to irrigati n int the recharge ba in ( bdel lat if. 2003 ) .  zonati n map of the two 
ongln di  pla) ed h \\ 1 l1g the maJ rit) of mete flC origin of odium u lphate 
\\ atcr t) pt: ( Figure 4 1 ) . In addition. th tr nd f having marin ng1 l1 magne IUm 
h10ride-\\ ater t) pc on ntrated in the northw t and we t ( ample l - L 1 9-26 ) of 
the area empha ize the h a\ ie t agricultural activit ie . \\ hich exi t in the ame 
area. 
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Fig u r  4 1 :  Zonat i n map f maj or \\ ater gene of W ampl of the tudy area 
4 . 7. G ra ph ical  I n terpretat ion 
.\  ' not iced from ( Figure 42 ), the relation hip between a+ and I' are proportional 
for all 'ample , Thi diagram reafTi rm that odi um and ch loride ar originat s from 
the ame 'ource. \\ hich are agricul ture acti\ ' itie . 
Figure 42 : Relation h i p  bet\\ een a and CI '  of GW samples in the tud) area 
Ternary plot are u ed for howing the dominance of an ion in samples of a 
certain area. I t  i s  principle deals with the ratios of the three elements should at end 
equal to 1 00 ( Ro i ,  2000) .  From the graph ( Figure 43 ) i t  i s  howed that the ratio  of 
. a i s  h igher compared \vith other cations (Ca+2 and Mg+2 ) ,  which i within 80 - 95 .  
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Legend 
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Figu re 43 : Ternal) d iagram of G ample in the tud) area 
ite map another method of di  playing hydrochemical re ult f 
groundv. ater amples. I t  i s  one of the pattern diagram where symbols  are used on 
the map. The upper half of the pie i expre ing the cations and the lower half i 
expre ing the anions. The pie Ize itself represents the TD amounts in each 
ample. Each pie is ex pres ing the whole concentration of a l l  cation and anions 
pre ent in the ample in meq/l (Zaporozec, 1 972) .  
I n  (F igure 44) .  i t  i s  shown that sodium concentrat ion is  h ighe t in  a l l  ample 
compared with other cations. Chloride a v.e l l  i the highe t among other anion and 
tak ing the dominancy .  The pie ize for al l samples i imi lar indicat ing the TD 
\ al ues are at same ranges. 
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4.8. G roundwater Qua l ity 
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I n  order to use the groundwater f or dome t ic and irrigation practices, it should be 
anal� ed u i ng number of cri teria. wei han groundwater samples wi l l  be evaluated 
through four d ifferent method . Total hardne s (TH ) is the fir t measurement 
di cussed . 
Calci um carbonate (CaC03 ) i s  used to measure hardness as calcium and 
carbonate i the h ighly soluble elements in water ( Mohsen. 20 l 3 ) . odium 
bsorption Ratio ( A R )  i another method u ed to e aluate ground\\-ater. a- is  one 
of the important paran1eters to be measured for i rrigation purpo es. A odium ha 
adverse effects to vvater, soi l and crops, i t  i s  measured with regard to magne ium and 
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alcium ( C  al init) Lab rator) . 1 954) .  ther meth d u ed are dium percentage 
( 0 0 ) and l\1agne ' ium b rpt ion Ratio ( 
dctai I bel \\ . 
4.9.  Total H a rdne  (TH ) 
R) .  Each criterion wi l l  b di cu ed in 
Total hardne i an important mea urement for determining the uitab i l it) of \\- ater 
for drink ing. dome tic and other indu trial purpo e . Traditiona l l} . it i a mea ure of 
the abi l it) of water t act \\ ith oap and produce a precipi tate . Hard water i rich in 
d i ' o l\ ed min ral . both alcium and magne ium. water mo\'e through oi I and 
rock .  it take the mal l particle of the e natural ly occurring mineral s and carrie 
them into the ground" ater. 
Hardne IS caused by dis  o l\'ed polyvalent metal l ic ions. Calcium and 
lagne ium are the role-playing. \\ hich exi t in the form of COJ·. CI · .  O/�. and 
_ '0:' ( \\'HO guidel ine . 2006). Hard water i not dangerou in  terms of heath. but i t  
affect the taste and purity of \vater. I t  al so accumulate in pipes and affect the 
pre ure of water cau ing cale in the pipes and munic ipal d istributing ystems. 
According to WHO Guide l ines <_O I l ). the maximum permi sible level of hardne s 
in  drinking water i 200 mg/l ba ed on the acceptabi l i ty of water for drinking. 
I n  this study. the TH alues of water sample are in the range of 297. 1 -6439.6 
mg/l . Referring to the c las i fication of hardne . after Raghunath, 1 990. 0-60 mg/l  i 
soft. 6 1 - 1 20 mg/l i moderately  hard. 1 20- 1 80 mg/l i hard. abo e 1 80 i very hard. 
I 00 �o ( 27 )  of samples are above the prescribed l imit  (> 1 80 mg/ l )  for drinking water. 
In weihan area. al l COJ', C I·. 04-2 , and Of are ery h igh in concentration. 
A Ca+2 and MgT:! concentrat ions are h igh in  the region because of dissolution of 
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d I mite and l ime ton . total hardn value i \ er) high to (Murad. 20 1 1 ) . 
Therefore. th gr undwater of \\ eihan region i very hard and cannot be us d for 
drinking or d me tic u e . 
4. 1 0. od i u m  Ab  orption Rat io ( A R )  
odium i'  one f the mo t tudi d cation . becau of it toxic ity effect on crop 
and \\ el l -kno\\ 11 effect on o i l  texture. II igh concentrat ion of sod ium di per e oi l  
col loidal particle . cau ing the o i l  to be hard and re i tant to wat r d iffu ion.  
The 0 m tic pre ure in the oi l  then bui ld up and caus compl ication in 
\\ ater to be ab orbed b) plant root ( herif. 20 1 1 ) . R i expre ed as the fonTIula 
(C al in it) Laborator) . 1 954) .  ,, ,here value of a+ .  Ca+::! . MgT::! are in meq/1 . 
Na 
S A  R = ---;:::== 
Jca + �g 
Eq uat ion 1 :  R ca lcu lat ion 
The fol lowing ( Table 5 )  how the resu l t  of AR and uitab i l i ty for i rrigation: 
oi l  except those 
sensit ive for odium 
uitable for coarse of textured or organic soi l  with 
permeabi l i ty 
1 9-26 Harmful  for almost all soi l  
>27 nsuitable for i rrigation 
o.  of wel l s  (%)  
0% 
0% 
30% ( 8 )  
70% ( 1 9) 
Table 5 :  u itab i l i ty of GW in  vv e ihan area for i rrigat ion 1I ing R rat io 
r undv, ater of weihan region ratio  for 
8 1  
R range from 22 to 34 . '" \\ ith an 
average of 28 .6 .  lI igh value are concentrat d in the \\ e t part of the region \\ here 
mo t of ion are c ncentrat d .  Moreover, 8 ample ( 30% ) how a range from 1 9-26 
and are harmfu l  t u e for i rrigati n practice . v, hi le 1 9  amples ( 70°'0) ho\\ they are 
not uitab1e for i rrigation becau e the) exceeded the rat io of 27 .  
\\' i lco: diagram. \\ hich i v, idel)' u ed for \\ ater tabi l ity regarding irrigation 
b) comparing odium rat io and electrical conductance. Respectivel . odium ratio i 
categorized a : lOll ' .  2 :  medium. "' :  high and 4 :  relY high. \\ hi le e lectrical 
onductance. expre d a al init) . i c la  i tied a C I: 10)1'. C2:  medium. 3 :  high 
and C4: ,'elY high (Wi lcox. 1 9 � 5 ) .  
B\  u mg  the e parameter . a i lcox plot \\'as con tructed as hown in 
( Figure 45) .  The diagram demon trate that al l  ample are out of range. except for 
one ample ( 0 . 1 3 ) .  Therefore. groundwater of \\ eihan region calmot be u ed for 
i rrigat ion a u ing i t  could harm the oi l  tJucture and plant production. 
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Figure .t5:  W i \Co:-. d iagram of GW ample i n  the stud} area 
4. 1 1 .  Sod i u m  Percentage ( a 0/0) 
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The a percentage is  the measurement of sod ium content compared to the total 
cation in the sample. odium ion i nvol es in cation exchange proces es where 
odium i taken up and magnesium and calc ium are relea ed into water. Thi process 
normal ly  reaches the equ i l ibrium cont inuou ly. I f  odium increa es than other ions. 
then oil d i sper e .  When so i l d isperses. soi l part ic les separate and sodium 
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ac umulate in plant ti ue . Thi re ult in r duction of i l  perm abi l ity and crop 
product i\  it) ( hun-Mingo 20 1 1 ) . 
Therefore. a perc ntag i regarding other i n pre ent u ing the fol lo\\ ing 
fOl1llUla. (after Wi lcox. \ 955 ) .  \\ herea the val ue are cia ified in th (Table 5 )  
belo\\ . a al l concentration are in meq/1 . 
(Na  + K) 
Na % = X 1 0 0  Eq uation 2 :  a% calcu lation 
Na + K + Mg + Ca 
N a %  
< 20 
20 - 40 
40 - 60 
60 - 80 
> 80 
Zone  N o  of we l ls 
Excel lent 
Good 
Perrni ib le 
Doubtfu l  
Un uitable 
Table 6: ho\\ aO,o i n  \ ariol! zone 
-
-
-
2 1  ( 78%) 
6 (22 0'0) 
According to above cia s ification. a percentage is  very high in  the stud 
area. Twenty-one samples are located in the doubtful zone and six amples are 
located in  the unsuitable zones. The results conclude that a percentage in the study 
area i high. \', h ich means that the exchange process i s  not reaching the equil ibrium. 
Hence. soi l  along with crops i affected negatively from sodium.  Groundwater water 
of \\ eihan i s  not uitable for i rrigation u es (Y idana. 20 1 0) .  
4. 1 2 . M a o n e  i u m  d o rpt ion Rat io  ( M A R )  
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ne of the important rit ria of e\'aluati ng the qual it) of ground\\ ater i the amount 
of �1g 2. When Mg 2 content bec me high, the crop y ield are affect d a the oi l  
increa't:' it al init) (Jo h i  et al . 2009) .  
\c  ording to  the ratio. (� - O )  i sui table and « 50)  i s  unsuitable. u ing the 
1'0 1 10\\ ing equat ion. \\ here all the concentration are in mg/l (Ayer & We tcot. 
1 9  : ) :  
M g  x 1 0 0  
MAR = ---­ea x M.a 
Equat ion 3 :  M R calcu lat ion 
Value of MAR were found to be within the range from 0 to 2 .  Thi express that 
\\ eihan region ha good qual i ty of ground\\ ater to be u ed for i rrigation regarding 
magne ium content . 
4. 1 3. E n v i ro n m e n t a l  I otopes i n  G ro u n dwater  
Groundv .. ater i one of the main components in  the hydrological cycle and 
under tanding it ph)' i cal and chemical proces es is es ent ial . I sotopes tudies are 
geochemical tooJ that provide good infom1ation about hydrogeological 
characterist ics  of aquifer inc lud ing origin. t ime. and rate of recharge and 
interconnection with in  the aquifer. Thi helps in as essing and managing 
ground\\ ater re ource in better ways ( Deshpande. 2003 ) .  
I sotopes are molecules that have same number of  protons with d ifferent 
numbers of neutrons. General ly. stable i sotope of oxygen and hydrogen are 
c mmonl) u ed to tud) gr und\\ ater origin .  Th mo t common isotope u ed in thi 
lield are I 0 and 1 I J or Deuterium ( Richter. 1 9  8 ) .  The abundance of 1 80 i 
mea ured u ing the r 1 10\\ ing formula ( Craig. 1 963 ) :  
R sample - R standard {) = x 1 000 R standard 
Equat ion -t :  18 & 2H abundance calculation 
Where <') i the relati\e. prop rt ion pre ent d b per mi le  (ObO) and ( R  ample) i s  the 
i otopi ration of I 0 1 60 in the ample with re pect to an intemational l)  ac epted 
'tandard ( R  tandard ) .  Th international tandard u ed i 1 'iel7l7G Standard Mean 
Ocean Wafer ( MO\\'). hen {) i po it ive. it mean the sample i enriched. \\ h i le 
the negati \  e 8 mean the ample i depleted (Tayl r. 2003 ) .  
The i otopic compo it ion of ground\\ ater in weihan showed more po i t i \  e 
or enriched value than negative in  8 1 80 re ult  . \\ h ich indicate that wei han 
ample are enriched \\ ith 1 80. meaning that groundwater v,ent through heavy 
e\ aporation periods. Table 7 di splays the result of parameters (8 1 80, 80. d-exce ) .  
The 8180. i n  the study area. range from - 1 .00 to 1 . 72 %0 and 8 0 range from 
_ � . 7  to 4 .3% . The \ ariet ie of values between 8D and 8 1 80 indicate that there i more 
than one ource of recharge of weihan groundwater ( Price & wart . 2006) .  Beside . 
i t  suggest that there i more than one source affecting the qual ity of groundwater. 
The e ources are natural from d issolution of rocks and from human influence of 
agriculture input. ( Figure 46)  di p lays the i sotopic composition of oxygen and 
hydrogen \vater compared to local meteoric \vater l ine ( LMWL)  for AE (80 = 8 
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1.': 1 8  u 1 5 ) .  \\ here < for e\ ap ration and >8 for conden ation ( 1urad & 
Kri hnamurth)- . 2004) .  
I D  0 1 110 oD d-excess 
S\\' 1 0 .06 -"} . 3  -"} . 8  
S\\,2 -0 .86 -5 . 7  1 .7 
SW3 -0.43 -3 . 1  0.3 
SW4 0.8 1 -0.3 -6 .8  
SW5 1 .0 1  -0. 7 -8 .8  
SW6 0 .54 -0.3 -4 .6 
SW9 1 .00 0.9 -7 .0 
S \\ 1 1  0 .88 0 .3 -6 .7 
SW 1 3  - 1 . 00 -5 .4 2 .6  
S W 1 4  1 . 1 4  2 . 1 -7 .0 
S W I S  0 .56 - 1 .2 - 5 . 7  
SW 1 7  0.95 0 .7  -6.9 
S W20 1 . 72 4 .3  -9.4 
SW23 1 .6 1  3 . 7  -9 .2 
SW27 0.26 -3 .6 -5 . 7  
Table 7 :  8 1  0. 80. d-e:\ce for GW ample in the stud) area 
The regre ion l ine for weihan ample are (8D =3 . 5  8 1 80 - 2 .6 ). \\ hich 
hows a slope of 3.5 and an intercept of -2.6 .  The lope of 3.S shows non-
equi l ibrium proces when s lope is under eight. Thi conc lude that there are 
eyaporation processe in the area and low rainfal l  ( 3 .5<8 ) .  The smal l intercept of -
2 .6  compared with LMWL of 1 5 . indicates that precipitation is  very low comparing 
\\ ith the countr) as a v. hole ( Hoef . 1 997 ) .  
-6 00 
20 
/:5 0  
LMWL for 0 
50 = 8 0180 + 1 5  5 0 
0 0  
- 1  00 • 
- 0 
- 1 0 0 
- 1 5 0 
-20 0 
-25 0 
-30 0 
8180(%0) 
• • 
• 
2 00 
80 = 3 5 80 - 2.6 
Figu re 46:  Regre ion l i ne of 80 - 8 1 80 ofGW ample i n  the tud) area 
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Moreo\ er. the \yater vapour in the sample are 3 t imes b igger for 8D than for 
8 180 compared \\" ith LMWL ( 3 . 5<8 ) .  Moreover. the intercept ( + 1 5 ) in the regre sion 
l ine indicate the prec ipitation from seawater. The intercept ( -2 .6 )  for weihan 
regre ion l ine expre es that Deuterium is depleted by 2 .6  parts per thou and (per 
m i l )  relative to LMWL. The deplet ion of Deuterium is due to evaporat ion event 
( Price & v,,·art. 2006) .  By using d-exce , water vapour can be used to trace the 
source of local precipi tation. D-excess is calculated by the fol lov-;ing equation 
(Clark & Fritz. 1 997 :  Dansgaard, 1 964) 
d = B D  - 8 B 180 (%0) Equat ion 5:  O-exce calcu lat ion 
Where d is the relative proportions of 180 and }H contained in water and pre ented 
b)- per mi le  (%0) .  
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The d-e'\.ce \ a lue in the tud; area range fr 111 -9.4 to 2 .6  000. The d-
C'\.Cl: r precipitati n i belo\\ 1 5  ( for LMWL) .  \\ hich indicates that the 
precipitation ha been affected b) th raindrop evaporation before r aching the 
ground. \\ herea the ampl fal l ing to the right of LMWL leading to low re harge 
110\\ ( foehl ic  et aL 200 ; Murad et a l . .  20 1 1 ) . 
The groundwater al inity could be evaluated b plotting the re lat ion hip 
bet\\ een chloride. repre enting the a l in i ty.  and 80 ( Figure 47).  The trend of 
increa ing chloride concentration with enrichment of i otopic composit ion of H� 
ugge t that the main ource of the groundwater in the tudy area i \ aporated 
raindrop (C indrich & Gudmund or. 1 984; Murad et al . .  20 1 1 ) . 
9000 
• 800e Y = 606.9:- + 39 1 1 .6 
• R2 = 0.6682 
7000 
• 6000 
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1000 • 
0 
6 0  4 0  2 0  0.0 ·2 0 ·4 0 -6.0 
80 (%0) 
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o!J 
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c: 
'--' 
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·8.0 
Fig u re 47 :  Relat ionsh i p  ben\ een C I - concentrat ion and �H i atopic compo i t ion for GW i n  
the  study area 
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In  addition, th ame relation hip i plott d for CI '  and d-exc ( Figure -l8 ) .  
The n:: lati n h ip  expre e th  trend of decrea ing  of  I '  � ith increasing of  d-exce 
and the \ i e \ er a. I t  h \\ that increa ing of al init) i affecting the recharge of 
ground\\ at r negat i \  e l) . I t  indicate that th effect i mainly by human re ource 
other than natural re urce including agricul tural activ i ties ( ' Egrel et a l . ,  20 1 1 ) . 
4 0  
(3000 
8000 = -· H 3. 7 1  + 1 376.9 R2 = 0.5029 • • 
7000 
600e • 
,,-... 
::::::::: 
5000 • C1) r-
c: 
4000 • -
u 
:moo • 
• 
• 
• 
• 2000 • • 
• • 
• 1000 
0 
2 0  0 0  L :: A 0 ·6 0 8 0  · l e  0 
d-exce s 
Figu re 48: Relat ion h i p  bet\\ een C I' and d-exce of GW amples in the study area 
5. 1 .  u m m a ry 
HAPTER F I VE 
U M M A R Y  A N D  R E CO M M EN DATI O N  
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Abu Dhabi Emirate i characterized by h igh temperature period and low 
rainfa l l  amount in ummer and c 01 temperature with rainfal l  that coul d  reach 77 
mm in \\  int r. Water re ource of bu Dhabi Emirate categorized of convent ional 
\\ ater re ource inc luding groundwater, wadis  flo\\ . and ome pring and non­
con\ entional \\ ater re ource inc luding de a l inated water and treated wastewater. 
Ground\\ ater of bu Dhabi i suffering from deterioration and contamination 
due to 10\\ precipitation amount and I o v,,' recharge level with high consumption. 
The e fact r l ead to threaten the groundwater qual i ty and quantit) in the area. The 
main ector of u ing groundwater in the Emirate is the agricultural sector. The 
Ea tern Region and We tern Region in the Emirate are famous of agriculture using 
the groundwater a the main ource for \vater suppl) . owadays. groundwater 
carc it) ha led farmer to u e de al inated water a al ternati e to at i sfy these need . 
I n  addi t ion. the Emirate started to use wa tewater for ilTigat ing parks. road ides and 
l andscape . but the u es are very l imited due to social i sue . 
weihan region. which i s  located in the northeast of AE country and 
northea t of Abu Dhabi Emirate. has about 275 ,  fam1 producing different type of 
crops. A wei han depends on groundwater mainly for i rr igation. quality and 
quantit) measurement hould be appl ied. Previou studie of the area concluded 
9 1  
high al inity , and h a\ ) metal c ntaminati n i n  th ground\\ ater of the area. v, hich 
become a health hazard . 
The urrent tud) a e e the groundwater qual i t) u ing phy ical propertie . 
chemical prop rt ie · and h) drogen and OX) gen i otope te t ing. The tudy shov, ed 
high amount of TD reaching _.93 8 to 1 6J 84 mg/1 . H igh sal inity deri ing from 
high TD \ alu \\ ere ob en'ed in a l l  ample in the area. The main rea on of high 
TD \ alue are high anion and cation pre ent in the groundwater due to high 
agriculture act i\  i t ie and hea\')' pumping of ground\\ ater \\ ith no balance of recharge 
leading to increa ing of salt accumulation. 
The cation pre ent in the ground\,,:ater samples took an order of a > Mg+2 
> a-2 > K . whi le anion took an order of cf > 04-2 > HCO]- > 03-. The 
domi nance of a l l  ion wa odi um and chloride. fol lowed by magne ium. calc ium 
and ulphate. The ground" ater in the area wa hown to have two water origin , 
\\ hich are paleo-marine origin of magne ium chloride and meteoric water origin of 
j a} 04 water type. The analy  i howed the dominance of sodium and chloride in 
the area due to agricultural effluents. which gives good rea oning of high sal inity in 
the tudied area. 
Ground\\ ater quality wa evaluated u ing the WHO guidel ines in drink ing 
(20 1 1 )  for dome t ic use uitab i l it. and AR, TH,  a% and MAR parameters were 
implemented for evaluat ing the groundwater suitabi l ity to be used for agricul ture 
consumption. Analysis howed that the groundwater is not uited for either dome tic 
u e due to high amounts of cat ion , anion , and heavy metal that ha e health risk. 
In  addition. the e.round\\ ater wa found to be not uitable for i rrigation and � � 
another \\ �ltcr ource hould be u d. or groundwater hould be treated befor u ing. 
Hydrogen and OX) gen i ot pe regr ion l in  v, ith comparison to l ocal meteoric 
water l ine howed that the ground\\ ater ha gone through many e\'ap ration 
proce e .  leading to high al init) due to 10\\ recharge, Th chloride relation V\ ith 
deuterium and d-c:xce 
in the ar a, 
ugg t that there are man) ources of groundwater sal inity 
5.2.  Reco m m en d at ion 
Em ironmental authori t ie and governmental agencIes regarding groundwater 
re ef' ation have implemented many effort . Many area are now under to better 
under tand the groundwater behaviour 111 the area and find better management 
regulation . 
Agriculture ector hould be managed better to have su tainable groundwater 
con umption. For better management. government should :  
1 .  Develop w ater re ource strategic plan 
2 .  Implement of trict rule regarding pumping of groundwater and unplanned 
dri l l i ng of wel l s. 
3.  I mplement tr ict  rule  for u ing fert i l i zers based on their quantit ies and types. 
4. �onitor the groundwater resource wi l l  help better understanding the 
l imi tations for better u e. 
5. Education hould be appl ied including fanner and fann ov"ners of health 
hazards pre ent b) u ing wrong practice . 
6. Pub l ic  awarene s is important for future su tainab i l ity of water re ource 
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